Abstract -With increasingly high penetrations of PV on distribution systems, there can be many benefits and impacts to the standard operation of the grid. This paper focuses on voltages below the allowable range caused by the installation of PV on distribution systems with line-drop compensation enabled voltage regulation controls. This paper demonstrates how this type of under-voltage issue has the potential to limit the hosting capacity of PV on a feeder and have possible consequences to other feeders served off a common regulated bus. Some examples of mitigation strategies are presented, along with the shortcomings of each. An example of advanced inverter functionality to mitigate over voltage is shown, while also illustrating the ineffectiveness of inverter voltage control as a mitigation of under-voltage.
The control calculates line drop using the impedance settings and line current and regulates accordingly. Fig. 2 shows a line drop compensator circuit [4] .
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current being the actual current flowing across the line, but PV generation offsets the current, reducing line current measurement at the L TCIVREG. This results in a lower-than actual calculation of the voltage drop across the line, resulting in under-compensation, or a lower tap position than is needed. Ckt24 was analyzed using the hosting capacity methodology presented in [7, 8] This example illustrates the value of performing a thorough analysis to determine the effects of mitigation techniques on overall feeder hosting capacity. There is no "one size fits all" mitigation technique, and it is likely that each one will have trade-offs. Determining if the benefits will outweigh the detriments, or which method results in the greatest overall benefit will depend on the feeder and can only be quantified with a detailed study of this caliber. Fig. 7 were performed using SNL's GridPV toolbox [9] .
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The following UQ12 cases were simulated during the peak load day and the daytime minimum load day (day where lowest load point from 11 :00 AM to 1 :00 PM was found) at 1- MW PV, LDC removed, peak and daytime minimum days. illustrates one possible challenge that can arise, and one way to achieve a cost-effective mitigation.
IV. CONCLUSIONS
Detennining the best mitigation strategy for PV and LDC induced under-voltage will vary from feeder-to-feeder. There is also likely to be trade-offs that come with each mitigation strategy, requiring a thorough analysis to quantify the benefits and detriments of each strategy to determine the optimal course of action. It is also important to note that ANSI C84.1
voltage compliance applies to lO-minute average voltages.
QSTS would be required to estimate lO-minute averages, at which point both the load and solar variability assumptions would play a critical role.
Many conventional ideas regarding PV impacts to distribution system may be case-specific and potentially incorrect for certain scenarios. For example, PV is commonly thought to cause issues of high voltages on a feeder, but this paper highlighted the opposite impact. It is also often assumed that advanced inverter functions for regulating voltage will eliminate PV -induced voltage issues, which is incorrect for cases of remote under-voltage issues.
LDC elimination can be a viable mitigation for under voltages in some cases, but in other cases it could reduce overall feeder hosting capacity. Combining LDC elimination and advanced inverter voltage control may be an optimal solution. Any mitigation strategy must be verified during both peak and minimum load extremes, both with and without PV, for all feeders and phases affected, and for all impacts of concern before it can be considered a viable option.
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